Michael addition (1,4-addition) of achiral and chiral aminoalcohol derivatives to 1,2-diaza-1,3-butadienes derived from phosphine oxides and phosphonates gives functionalized α-aminophosphine oxides and -phosphonates.
Introduction
1,2-Diaza-1,3-butadienes I (Figure 1 ) are widely used intermediates in organic synthesis 1, 2 because they offer easy access to a broad range of heterocycles. Many of these heterodienes substituted on the terminal nitrogen (N-1) (I, R 1 = Me, Ar, ArSO 2 , COR, CO 2 R, CONR 2 ) 1a, 3 and on the terminal carbon (C-4) (I, R 3 = Me, Br, Cl, COR, CO 2 R, CONR 2 , D-arabino-(CHOAc) 3 CH 2 OAc) 1a,2b,3,4 have been described. However, very little information about the behaviour of 1,2-diaza-1,3-butadienes II ( Figure 1 ) containing phosphorus substituents at C-4 have been reported. 5 Furthermore, it is known that phosphorus substituents regulate important diaza-1,3-butadienes have been reported. 8 However, Michael additions of aminoalcohol derivatives to phosphorus substituted 1,2-diazadienes, have not been fully explored. For this reason, we wish to report a further strategy for the preparation of functionalized α-aminophosphine oxides VI (P = POPh 2 ) and -phosphonates VI (P = PO(OEt) 2 ) through nucleophilic addition of racemic and optically pure aminoalcohols to 1,2-diaza-1,3-butadienes V as shown in Scheme 1. It is noteworthy that α-aminophosphonates 9,10 are important substrates in organic and medicinal chemistry because they can be considered as surrogates for α-aminoacids, 11a and have been used as haptens for the generation of catalytic antibodies, 11b as antibacterial agents, 11c or as phosphapeptide enzyme inhibitors.
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Results and Discussion
The required 4-phosphinyl and 4-phosphonyl-1,2-diaza-1,3-butadienes 1, prepared through base treatment of hydrazone derivatives bearing a good leaving group in the Cα-carbon atom of the hydrazono carbon-nitrogen double bond, 5a easily react in CH 2 Cl 2 at room temperature with achiral and chiral aminoalcohol derivatives 2 to give substituted α-aminophosphine oxides and phosphonates 3 in good to excellent yield. Michael addition of ethanolamine 2a (R 1 = R 2 = H) to heterodiene 1a (R = Ph) in CH 2 Cl 2 (TLC control) led to the formation of α-amino phosphine oxide 3a (Scheme 2, Table 1 , entry 1). α-Amino phosphine oxide 3a proved to be not stable enough for chromatography, and the hydrochloride salt of compound 3a was obtained in 89% yield. The hydrochloride salt of compound 3a was characterized by its spectroscopic data. 31 P NMR spectrum of 3a·HCl showed one absorption at δ P 29.9 ppm. Likewise, the 1 H NMR spectra of 3a·HCl gave a triplet for the methylene protons directly bonded to the nitrogen atom at δ H 3.06 ppm ( 3 J HH = 5.2 Hz), a quadruplet for the methylene protons directly bonded to the oxygen atom at δ H 3.68 ppm ( 3 J HH = 5.2 Hz) and a well resolved doublet for the methine proton directly bonded to the phosphorus atom at δ H 5.27 ppm ( 2 J PH = 6.6 Hz); while in 13 C NMR a doublet appeared at δ C 62.1 ppm ( 1 J PC = 63.9 Hz) for the carbon bonded to the phosphorus atom. The reaction takes place by the nucleophilic attack of the amino moiety of aminoalcohol 2 on the terminal carbon atom of the heterodiene 1 with the formation of 1,4-adducts 3 (Scheme 2). The process was extended to 4-phosphonyl-1,2-diaza-1,3-butadienes 1b (R = OEt), and this heterodiene 1b reacted with ethanolamine 2a (R 1 = R 2 = H) to give α-amino phosphonate 3b (Scheme 2, Table 1 , entry 2). The same strategy was used for the preparation of substituted α-aminophosphine oxides with a methyl (3c) or a cyclohexyl group (3d), when starting aminoalcohols 2b (R 1 = H, R 2 = Me) or 2c (R 1 R 2 = -(CH 2 ) 4 -), respectively, were used (Scheme 2, Table 1 , entries 3 and 4).
Scheme 2
We also studied the diastereoselective addition of optically active aminoalcohols 2 to 1,2-diaza-1,3-butadiene 1a. However, very low diastereoselectivity (<10% d.e.) was observed when (S)-(+)-leucinol 2d (R 1 = i Bu, R 2 = H) was treated at r.t. with 4-phosphinyl-1,2-diaza-1,3-
was obtained as a non-separable diastereoisomeric mixture 12 (Scheme 2, Table 1 , entry 5).
However, a better diastereoselection was observed when a bulky aminoalcohol such as (S)-tertleucinol was used. Reaction of (S)-tert-leucinol 2e (R 1 = t Bu, R 2 = H) with 1a gave compound 3f
as a nonseparable diastereoisomeric mixture and quite good diatereoselective excess (70%) 12 was observed (Scheme 2, Table 1 , entry 6). Finally, the treatment of adducts 3 with base was explored in order to test whether further intramolecular nucleophilic attack of the hydroxyl group at the carbon-nitrogen double bond of the hydrazone in compounds 3 could be achieved to obtain substituted 3-phosphorylated morpholines 4. Thus, compound 3c was subjected to base (EtONa) treatment in refluxing EtOH to give the β-elimination product 5 instead of morpholine 4 (Scheme 3). Therefore, by means of this strategy functionalized imino-hydrazone 5 is obtained. Cyclization reaction of α-amino phosphine oxide 3a in refluxing THF or by treatment with NaH/THF does not take place, recovering the starting compound 3 (Scheme 3).
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Scheme 3
In summary, the procedure described here represents a convenient entry to functionalized α-amino phosphine oxides and phosphonates by Michael addition of aminoalcohols to 4-phosphorylated-1,2-diaza-1,3-butadienes in very good yields. These hydrazonoalkyl-α-aminophosphonate derivatives may be important synthons in organic synthesis and for the preparation of biologically active compounds of interest in medicinal chemistry.
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Experimental Section General Procedures. Solvents for extraction and chromatography were of technical grade. All solvents used in reactions were freshly distilled. All other reagents were recrystallized or distilled as necessary. All reactions were performed under an atmosphere of dry nitrogen. Analytical TLC were performed with silica gel 60 F 254 plates. Spot visualization was accomplished by UV light or KMnO 4 solution. Flash chromatography was carried out using silica gel 60 (230−400 mesh). Melting points were determined with a Electrothermal IA9100 digital apparatus and are uncorrected. 1 H (300 and 400 MHz), 13 C (75 and 100 MHz) and 31 P NMR (120 MHz) spectra were recorded on a Varian Unity Plus 300 MHz spectrometer or on a Bruker Avance 400 MHz spectrometer, respectively. Tetramethylsilane (TMS) (0.00 ppm) or chloroform (7.24 ppm) as an internal reference in CDCl 3 solutions for 1 H NMR spectra, or chloroform (77.0 ppm) as an internal reference in CDCl 3 solutions for 13 C NMR spectra, or phosphoric acid (85%) in To a stirred solution of compound 3c (0.21 g, 0.5 mmol) in EtOH (5 mL), EtONa (68 mg, 1 mmol) was added at room temperature and under a nitrogen atmosphere. The mixture was stirred at reflux for 48h. The solvent was evaporated and the crude mixture was diluted in CH 2 Cl 2 , washed with H 2 O (2 x 10 mL) and the aqueous phase was extracted twice with CH 2 Cl 2 (5 mL). The organic layer was dried over MgSO 4 and evaporated under vacuum. The crude product was purified by flash-chromatography (silica gel, AcOEt) to afford 5 as a pale yellow oil. 
